ABSTRACT
KEYWORDS: Solar energy, Absorption cooling, Solar cooling, Energy saving.
Introduction
Nowadays, the majority of buildings have been designed with heating installations but they do not have refrigeration equipments. Refrigeration needs are covered by air conditioning machines usually fed with electricity, and these equipments are becoming very common in houses. Due to the operation of these air conditioning machines, in summer, electricity consumption reaches high values, overcoming the electricity generation limits, causing technical problems and increasing electricity prices [1] .
Therefore, alternative refrigeration equipments driven by renewable or residual energies have been developed. One of these alternatives is the solar absorption refrigeration system, which uses solar thermal energy integrated with an absorption cycle to refrigerate. This arrangement is especially interesting because the hours in which more solar radiation is available, are the hours with more refrigeration needs [2] .
Comparing absorption refrigeration systems with mechanical compression ones, the first are not competitive regarding to economy. Furthermore, low power absorption machines are not widely commercialized, they are very expensive, and most of them need refrigeration towers to operate [3] . For that reason, research and development activities are necessary in order to reduce the cost of using solar assisted air conditioning in buildings [4] [5] . There are a lot of researches referred to theoretical studies [6] [7] [8] [9] , but the information of experimental studies in this kind of installations is scarce [10] . Away other reasons about this, is the difficulty for designing solar cooling systems. There are not many tools available for accurate dimensioning cooling systems and/or to evaluating the solar thermal contribution to the total energy requirements [11] .
One of these available tools is the dynamic simulation used in this work. This paper [12] [13] [14] [15] ).
Based on these results, a model of the solar cooling installation was developed in order to evaluate several possibilities to improve the performance of the solar cooling system.
Finally, a new heat rejection system was proposed to improve the installation.
Description of the installation
The components and the absorption cooling machine used are described below. A dry cooling tower (4, Fig. 1 ) evacuates the residual heat from the condenser and the absorber to the outdoor air, and there is no need of a wet refrigeration tower. Although the COP would be bigger with a wet cooling tower, a dry cooling tower is selected in order to avoid the usual problem of the legionella of the wet cooling towers. Two fan coils (5, Fig. 1 ) with 6.21 kW of chilling power transfer the chilling power from the evaporator of the absorption machine to the gymnasium air.
Simulation model and validation
In order to evaluate possible changes in the system and its improvement potential, a model of the installation was developed. The TRNSYS software tool [17] was used as a basis for assessment. Besides defining and using TRNSYS existing system component types, experimental data taken from the real installation have been used.
For the gymnasium simulation, a TRNSYS type 56 component was used in the model. For the simulation of a flat-plate collector, TRNSYS Type1b was used. This type allows the simulation of a flat-plate collector. The characteristic parameters of the collector, referring to its absorber area, are shown in the Table 1 .
Although in the normal operation the solar storage does not operate, the 700 litre stratified tank with uniform heat losses of the system was modelled with the help of the Since the model has to show the real behaviour of the installation, and the performance of the solar cooling chiller depends strongly from the climatic conditions, the monitored meteorological data were implemented in the model of the installation using the type 62, in order to able to utilize them in the simulation.
An auxiliary cooling device, type 92, was chosen to model the performance of the dry cooling tower. The most important parameter of this type is the overall loss coefficient between the cooling device and its surroundings during the operation. The value of this parameter was defined according to the experimental data of temperatures of the water and air side (log mean temperature difference) and of the cooling capacity.
Due to the auxiliary system, two gas boiler, have not supplied any thermal energy to the generator of the absorption chiller, they have not been modelled for the simulation. 
Methodology
The installation is completely monitored. There is a PLC unit and a web controller which form the controlling and recording values system. As well as this, there are temperature, humidity, and radiation sensors, flow meters and energy meters. In this way, the outdoor and indoor conditions of the installation are well defined. increasing. This effect has a direct relation with the explained above. As it has been explained, if the outdoor temperature increases, the absorption chiller can not reject the heat correctly. As a consequence, the water leaving the condenser is hotter than it should be. When this water enters into the evaporator, its capacity to absorb heat is lower. As a result, the chilling effect decreases when the water flow in the evaporator increases its temperature. Table 4 .
b. New heat rejection system
During this first two years, the installation worked with the initial dry cooler tower. The studies have shown the great influence of the temperature of the heat rejection sink on the machine performance. Therefore, the substitution of the initial heat rejection system was proposed in order to improve the performance of the absorption chiller. Two options were proposed, a wet cooling tower and a geothermal system. With both of them, the performance of the installation would improve but with the first alternative, the replacement of the dry cooler with a wet cooling tower was ruled out because its high requirements of maintenance. Besides that, due to there is a water reservoir close to the sport centre building, finally, it was decided to use a geothermal system using this water well, because the chiller will operate with a constant temperature in the heat rejection sink. This temperature, according to others water wells placed close was around 17 ºC. This water well supply water to a 25 m 3 water tank, in which the heat produced in the absorption cycle, will be rejected. The tank is used to irrigate the sport grounds placed in the surroundings of the solar cooling installation in summer. This use means the contained water of the tank is renewed every day, so, daily, the water temperature will be constant, resolving the possible problems of thermal saturation in the tank.
In order to estimate the improvement of the performance of the chiller with the new heat rejection conditions, the TRNSYS model presented previously was used. In Figure 7 it can see the evolution of COP and chilling power in function of the cooling power rejected operating with the dry cooling tower. As it can be seen, with the new operational conditions, the COP would achieve a value around 0.72 and the chilling capacity would be 7.6 kW. That represents a theoretical improve of a 42% in the COP respect the mean value in 2008.
The scheme of the geothermal installation can be seen in Figure 8 . It is connected to the cooling loop of the absorption chiller by means of a 20 kW plate heat exchanger. There is a by-pass that leads the water to the plate heat exchanger avoiding the dry cooling tower.
Another feature of the geothermal system is the following. The overall length of the new circuit is 190.5 m, of which 90.5 m have been divided into three pipes with a diameter smaller than the rest of the circuit. This has been done in order to increase the heat exchange surface between the pipes and the ground. Hence the rejection of the heat generated by the absorption machine will take place in two places sinks: the water tank and the geothermal horizontal exchanger.
Conclusions
A dynamic simulation model for a solar powered absorption cooling system was developed and validated by measured data. The simulation results show a good agreement with the measurements. Thus the model will be used for the evaluation of further investigations and improvements in the installation. In other terms, this work confirms that the dynamic simulation provides very useful help to design and develop these systems.
After the experimental and simulation evidences of the influence of the cooling water temperature in the performance and in the COP of the absorption chiller, several options have been analyzed in other to improve the efficiency of the installation. Finally a geothermal cooling system has been studied and installed in the initial solar cooling system explained in this paper. The TRNSYS model of the installation, described previously was used to estimate the new performance of the chiller working with the water tank as a heat rejection sink.
The installation with the new variation starts to work the present year 2009. Preliminary studies have shown that with the geothermal cooling system, the COP of the chiller can be improved up to 42% over than the current one [25, 26] . 
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